This work presents a design and an experimental study of a linear Fresnel reflector solar with trapezoidal cavity. This prototype is used for heating the tap water. The reflector was designed, constructed and tested in mechanical engineering department, University of Blida 1, Algeria.
needs for Western Europe, according to Algerian ministry of Energy. For this, the Algerian North area choice to conduct this experimental study (region of Blida).
The technology of linear Fresnel reflector was invented by the French physicist
Augustin-Jean FRESNEL (1788-1827), he was used this technology in the optical system of the marine indication headlights [22] . The work of Alessandro BATTAGLIA can be seen as the origin of the concentration technique by linear Fresnel reflectors (LFR) [23, 24] . Giovanni FRANCIA (1911 FRANCIA ( -1980 ) was a Italian mathematician, he designed the first prototype of linear Fresnel Reflector with the downward facing aperture covered with glass honeycomb tubes at Marseille built in 1962, he got on the performance equal to 60% and steam water temperature equivalent to 450°C [25] . According to literatures, the optical performance of this collector is more than 30 % and up to almost 40 % [26, 27] .
Hot water in our daily lives is something that is necessary throughout the year; it is used industrially and domestically in large quantities. To reduce water heating costs, the whole world looking for energy to heat the water at the lowest cost. The world agrees that solar energy was the solution. Several studies were conducted on solar water-heaters; in 1971, H.P.
GARG used flat-plate solar collector as a tool to get hot water, his experiments were conducted in the winter, where he got a water temperature between 48 and 55 °C [28] . Y. M. DAKHOUL, R. E. SOMERS and R. D. HAYNES (1990) mentioned that there are three techniques to get hot water using solar energy; these techniques are photovoltaic arrays, solar dynamic systems and solar thermal collectors. The only technique that gives us hot water directly is a technique that relies on the use of solar thermal collectors [29] . In 1996, M.
HUSSAIN and TANIA PARVEEN URMEE made two types of water-heaters in Bangladesh; the first one is made of two plastic bowls, and the second one is made of two ceramic vessels instead of plastic bowls; these types of water-heaters don't need feeding tubes water [30] . O. Helal, B. Chaouachi and S. Gabsi had installed a water-heater (integrated collector storage « ICS ») consisting of single cylindrical horizontal tank placed in a three-piece parabolic reflector, the instantaneous efficiency of this prototype (ICS) was variable between 56% and 68% [31] . Also, both of MOBIN ARAB and ALI ABBAS conducted experiments to heat water using a concentric evacuated tube, the performance of this solar water-heaters was up to 84% [32] .
In this work, a design and experimental of linear Fresnel reflector with trapezoidal cavity is described, this reflector was used as solar water heater. The objective of this paper is to analyze the experimental performances of the water heater using tap water in terms of real weather conditions for Blida region, Algeria. The efficacy of the device has been proven numerical simulation, based on the energy balance of the absorber tube. The numerical simulation details that proved the efficiency of the device have been published in the Journal:
Case Studies in Thermal Engineering [33] .
EXPERIMENTAL

Design of the concentrator
A linear Fresnel concentrator is a type of solar thermal collector that is straight in one dimension, it is simple and easy device compared to the other solar collectors of the same family [18] , it has a simple architecture composed of: flat mirror reflector strips and the absorber tubes.
The mirrors are usually aligned on a north-south axis, and rotated to track the sun during it daily movement; they are oriented toward the sun to concentrate solar rays on the receiver tubes, which contains the liquid heated to high temperature by the absorbed energy; these hot fluids can be used for many purposes, domestic and industrial [34] [35] [36] . Figure 1 shows a photo of a linear Fresnel concentrator prototype, it was constructed in the Saad DAHLEB University, Blida 1 (beside the department of mechanics). The concentrator has a full surface opening of reflecting mirrors equivalent to 1.65 m², with a pump to push the water in the open circuit and a storage tank to conserve the heated water. E. Absorber tubes: they are made of copper pipe (Ø20/22 mm and length of 1600 mm) and placed in the cavity, there are four tubes; they are plated with painted black and covered by selective suitable surface. The selective layer was used on the absorber to increase its operation temperature and efficiencies [37] . The emissivity of selective surface is lower than 1, since (ε = 1) for the ideal black body [38] .
The focal distance (f) between the absorber tube and the central mirror is 1300 mm. Table 1 is shows the special optical properties of reflecting mirrors and absorber tubes. 
Experimental measurements
The tests were carried out at the university of Blida which is at an altitude of 260 meters, its latitude is of 36°28'N and its longitude is of 2° 49 'E. The solar concentrator used in the experimental work is a simple design easy to install and easy to maintain. During the experiments, the hands were used to rotate each mirror toward the sun to track it depending on their inclination angle.
All climate conditions (direct solar radiation, wind speed and ambient temperature) were actually measured. A probe photovoltaic cell was used to measure the solar radiation, the cell made available to us by the REDC (renewable energy development center), an acquisition unit was used to read and convert the data. With regard to temperature measurement, the different temperatures (of the absorber tubes, the insulation and the water outside of the absorber tubes) were taken by thermocouples type [K]; a data acquisition system (HYDRA type) was used for reading the temperature, it gives us the temperature value directly. Also, the digital thermometer (type k) was used for measuring the temperature of the ambient temperature. As for the measurement of wind speed, the vane anemometer (Kimo LV 110) was used.
Steps of the experiment
Many of the tests were conducted on linear Fresnel concentrator during a period exceeding 15 days, in order to make sure that the collector was free of any leaks of a heat transfer fluid, and to show that the device is ready for use. Through these experiments the mass flow of tap water equal to 0.015 [Kg/s].
The two days (January 22 nd , 2015 and February 19 th , 2015) were selected to conduct practical experiments, which correspond to a nice days with some passages of clouds and the solar illumination was enough to get acceptable results. The tests were carried out from 10:00 to 16:00.
The experimental study comprises two parts. In the first part, the water was imprisoned in the absorber to determine the maximum values that could be reached by the concentrator. The tests are carried out with an ordinary black paint (absorption coefficient =0.92 and emissivity coefficient=0.92) and a selective coating (absorption coefficient =0.93 and emissivity coefficient=0.21). In the second part of the experiment, the water was flowing inside the absorber tubes in order to determine the performance of the prototype.
Uncertainty analysis of experimental study
The useful energy output of a collector of area (A C ) is given below [2, 39, 40]: 
With, A C is the total collector aperture area (m²) and DNI is the Direct-normal irradiance
Solar energy which descends on the absorber tube is not entirely transmitted to the fluid; a part is dissipated in the form of thermal losses between the absorber and ambient air. The thermal loss ratio is given by the following relation [41] :
With, σ is Stefan-Boltzmann constant (σ = 5.66897 10−8 W/m²K 4 ), ε A is the absorber emissivity, T A is the absorber temperature [K] and T amb is the ambient temperature [K].
RESULTS AND DISCUSSION
Direct -normal irradiance
The figure 3 presents the measured values of direct solar radiation depending on time for both days of the experiment. 
Climatic conditions
Large numbers of elements found in the environment of experience a significant impact on results, such as ambient temperature and the wind speed. The figure 4 shows the measured values of the air temperature and the wind speed during the experiment days. The figure 5 shows the measured values of the wind speed during the experiment days. 
Thermal efficiencies
Optical efficiency of the linear Fresnel concentrator with eleven reflective mirrors is 29.5%.
The water temperature (T fi ) at the inlet of the absorber tube is equal to 12°C. The table 3 shows the evolution of thermal efficiency according to the number of reflecting mirrors within an hour of the time (60 minutes) in the same experimental conditions. According to the previous table was noticed that the covered absorber with selective surface gave the best efficiency compared to absorbers with black paint (the absorber with selective surface has a high absorption coefficient and a low emission coefficient). Because of that, in the experiment works used the absorber tubes with selective surface. The variation of the experimental thermal efficiency a function of time is shown in the figure 6. Practically, the curves are almost similar over the two days of experience, which shows good characteristics (lower losses) and optical (the degree of concentration and increase in useful solar gains). In addition, the optimal position (tilt of the concentrator) of the concentrator ensures a good performance and less heat loss. Therefore, the interest for concentration ratio is a necessary factor.
Evolution of temperature
With regard to the first part of the experimental work any the research on stagnation temperature after imprisonment of the water in the absorber for the purpose of determining the maximum temperature values that can be achieved with the concentrator. In this part, the experiences were conducted in the first time using absorber tubes with black paint only; the experiment began on 11:00, where the primary temperature of the water was equal to 291.81
[K], the ambient temperature equal to 300. These results can be explained as follows, the high absorption capacity of the receiver with selective surface to the visible solar radiation and low emissivity for infrared radiation wavelength; in which the receiver with selective surface is possible to keep the greater part of the incident solar energy and to not lose very little heat radiation in the wavelength when the absorbent surface becomes hot. As the water temperature exceeded 100 °C, it means to be sucking the steam inside the absorber tubes (there is a change in the phase of the water from liquid to gas), any the access to water vapor without costs (free).
In the second part of the experiment, the water was percolated and moving inside the absorber tubes In order to identify and evaluate the performance of the concentrator. The tests are made with selective surface. The inlet temperature of water (T fi ) within the absorber tubes is 12°C.
Therefore, it is easy to show that the variation of the different temperatures especially depends on the incident solar power and the surrounding weather conditions.
From 10:00 to 16:00 when the sun is set fair, the concentrator does its job. The figure 9 represents the variation of the absorber's temperature in terms of the times during the two days of testing. The water's temperature (T fo ) is very close to the absorber tubes temperature (T A ) which referred to in the figure 9, this difference is probably due to the fact that there are thermal losses in the absorber, but it's still very low. Evolution of the water temperature at the outlet of the absorber tubes is shown in the figure10. [K] at 13:00, after that, it was noted that a decrease in water's temperature, this decrease due to a reduction in the solar radiation after midday.
As previously noted, there is not a much difference between the water's temperature and the absorber's tubes temperature, which can be justified by the high absorption power of the absorber tubes for visible solar radiation and low emissivity for the infrared radiation of long wavelength, and this was due to the use of selective coating on the receiver tubes that increase the absorption efficiency of the absorber. Here the role of selective surface is clear, it is possible to keep the greater part of the incident solar energy and not lose it except of very little heat radiation in the wavelength when the absorbent surface becomes hot. In addition, the water's temperature is less than the absorber's tubes temperature for the two days, because the inner face of the absorber absorbs infrared radiation, which undergoes a rise in temperature (T A ) (greenhouse effect phenomena). Therefore, the temperature of the outer side is lower and it is close to the ambient medium subjected mainly to the wind speed, creating convection to the outer of the absorber. Therefore, the Weather information (ambient temperature and wind speed) are very important, because it has a direct impact on the performances of the solar collector.
Fluid temperature can be increased by increasing the effective surface of reflecting mirrors (S e ), where they can get water vapor during the water flow inside the absorber tubes, through the use of the same solar concentrator, but with fifteen reflective mirrors (1500 mm×100 mm), which means the use of reflecting effective area is equal to 1.521 m².
Heat loss coefficient
The incident solar energy absorbed by the absorber tubes, is not fully transmitted to the water, there is a part is dissipated as heat loss between the absorber and the ambient. Heat loss coefficient (U L ) calculation is insatiable factor in our study. The figure 11 describes the change in this coefficient in terms of the difference between the temperature of the absorber tubes (T A ) and the ambient (T amb ). The absorber tubes are the heart of the thermal losses. The heat losses increase with the increase in the absorber temperature. We make announce that, an emissivity of the absorber in the vicinity of 0.12 could reduce greatly the thermal losses by radiation; this is one of the advantages use of selective surfaces (selective coating). In addition, to reduce the thermal losses coefficient, we can do that using absorber tubes with a glass tube, In order to reduce the losses by convection between absorber tubes and outdoor air around him. There is another technology that helps to reduce the convection coefficient; this technique is creation of the vacuum between absorber tube and glass tube. In previous study, this technique of using absorber tubes with glass tubes was used by us, but using a solar concentrator of a kind 'parabolic trough', where results of the numerical studies were very encouraging [15, 16] .
Therefore, the correlation for the average thermal loss coefficient of the linear Fresnel reflector experimentally used in this study is: 
With a coefficient of determination (R²) on the graph equal to 0.9989. 
With a coefficient of determination (R²) on the graph equal to 0.9978. Based on the experimental results confirmed the results of the numerical simulation [33] , can be used the linear Fresnel concentrator as a Solar device for heating water for homes and factories (industrial and domestic use). This type of heating usually used to complete the water-heaters types exploiting other energy sources (electricity, fossil fuels, etc.), and under certain conditions it can replace them completely. The solar water-heater is an economical, efficient and sustainable. The solar water-heater uses available solar energy; this energy is a lasting source that will contribute to the energy independence. The manufactures and the users of a solar water-heater minimize pollution and minimize issuance of greenhouse effect gases.
CONCLUSION
The purpose of this study is a design of solar water-heater depends on the linear Fresnel reflector (LFR) as a solar concentrator. The experimental device was installed and tested at the Institute of Mechanical Engineering, University of Blida. Through the results obtained, it was observed that:
 The cost per unit area of the linear Fresnel reflector surface is acceptable, because it is simple to install and easy to maintain.
 The thermal efficiency of the experimental device of linear Fresnel concentrator is acceptable, it was exceeded 29% and it reached 29.21% on January 22 nd , 2015.
 The stagnation temperature of the fluid is higher than 100 [°C]; this shows that we can have vapor without power consumption and with a low level of gas emission (like CO 2 ).
 Wtith eleven reflector mirrors, the water's temperature reached up to 74°C with a solar radiation equal to 760 W/m². The results clearly show that water temperature came out from the absorber tubes has a direct relation with the geometric parameters, the solar flux and climatic parameters.
The obtained results are very encouraging to continue to improve this device and to apply it on the industrial and domestic fields such as the solar water-heater. This device can be used as a thermodynamic process that uses a solar energy to heat water; it is an economic process used permanent and clean energy.
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